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Abstract

The physicochemical properties of microwave-roasted cocoa beans such as color, degree of browning, pH,
titrable acidity, organic acid, and sugar content were determined and compared with those of conventionally-
roasted beans. Microwave roasting temperatures were 110, 120, 130, 140 and 150°C. Roasting times were O,
5, 10, 20, and 30 min. Conventional roasting was done at 120°C and 15 min as a reference. The pH had
no relations with roasting temperature or roasting time. As roasting time and roasting temperature were
increased, the titrable acidity values of roasted cocoa beans became higher than those of raw bean. But there
were no differences among each condition. Color, degree of browning, and sugar content changed as roasting
temperature and roasting time increased. The organic acid content of roasted beans increased but the degree
of increase was different from organic acid to organic acid. Roasting by microwaves resulted in higher inner
temperature of samples than the surface temperature. To increase roasting efficiency, the other heat sources

should be used together with microwave.
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MalaysiaAl cocoa beand HFPYH 25 FFE3%
onf Al F sl =77 22w zAe]
WARA] k& A9k Al8=2 AMSCh ARSEE cocoa
bean®] WM Z7|E Ze] 251 mm, W] 14+
12mm, ¥7] 10£1 mm$i+}.

Microwave Roasting System

744 Azl x| (AHA3A AL, RE-700W)9] 2ol 3]
7 1.5mme) 79& 48 HFo GH%K type, A
AyE Frol AA} ;A WEZ Fol7H & F upg
A FFEAE oz TAAZHG. HE ¥l AH
§mm HZE & FHAA 201£05CY Eo] T2A
slod A2 AAA (heat sink)Z ARESIETH AR 150g
£ Azksle 27 140mm WY F2AA 97 A
Alell ABEA ol AL AA]Y Fololl L=F 3 F
cocoa bean 47fol] 24zt TS Fol FAAE ot &
E Z2A4% slgv o] F 37§ data logger(GLA
Elettronica, Datascan 7327, UK)o|l |73} beand]
WHeTE PCE FAIFT 3 Y A% &5
controller(3t°3 A A}, DX7-KMWNR)ol 23t A}
PRE on-off 23S} o] df A=} A=) AA &
g2 Y2 650 WG roasting === 110°C, 120
°C, 130°C, 140°C, 150°CR2v roasting A|7+E 5%,
105, 20%, 30222 &%} Roastings] Bd A&
oFu)lF A2 retort pouchol] Y53 A= -3°C2. A
43 W2 £ -75°C8] YE(reveo, ULT 2090-3-
D12, USApl Raalgde}, -75°Ce] WETel] B3t A
22 ulv)sle] B7)@LAR), MI68)E o8l ¥
443+ & 60 mesh(0.25 mm) N2 A ARE-315i0

Y Mot pH

10g2) X85 Azsle uvlo]Fo] Y 90mLe| F
= L o] FAsT. o] & sl o=
Algl F 100mLe 4% Ega=zmz AHLY¥ F
Whatmann & #2(No.4)S AHg-3led «338F § 1 o
o] pHE pH meter(Orion, 900A, USAXZ 2338}
ﬁ;}(ﬂ).

A AL $]9] 89 25mLE & 60mLE 3
A8 ¥ 0.1 M NaOH8<§° = pH 8.0° ¥ w7}A]
A He 4oz 2Asle A8 kg A& NaOH2|
ako 2 R ¥l tHequiv. NaOH kg!)®.

Aol Bis}

B4z A8 dAHE 33 Color difference meter
(CT5003, Japan)g ARS8l Mg A3 HL =904,
a=038, b=30). " A& 33 WEsl ZA 3}
Pile 3

o] st

EHT AR 1gE A cap wbeol ¥ FHS 25
mLE 7}8ted & e F 180 pmoll A 1587 A
At o] A|&4L Whatmann «#A|(No.4)E o 3}
& WA 82)7] (Heraeus, Biofuge 28Rs, Germany)e-
o83l 10°C, 14,000mpmellA 2087 WAl F=i3t ¥
2 AANE UV-VIS spectrophotometer(Hitachi, U-
2000, Japan)® 420 nmoilM FHEE FARBIGHS0,
A8 33 uHgsle Ao

1L

Baigrie®} Rumbelow?] HH-& A3t AUA|5S
oo 23 AR Sg A =AY FFT S0mL
(~75°0)% 715t 2 AL F 100ml 4% Eekisol
gol Aoz YA o] AL 3o 4C
8,000 pmoll Al 15874 YAlEesle] 1 RS 84
A7l C"® Sep-pak® cartridge(Waters, No. 20515,
USA)Z «#3 ¥F vA] 045um membrane filter
(Gelman, AcrodiscLC13, USA)2 Ajed}3le] HPLCS
A&2 AN HPLCS ¥4 272 Table 134
Zeren] BAREECF Showa ChemicalAte) acetic
acid, malic acid, succinic acid, lactic acid, oxalic
aicdE 0.1%, 02%, 0.5%7} S=F ZA|sled 2}4-3}
A=t

Table 1. HPLC conditions for the analysis of organic
acids in cocoa beans

Bio-red Aminex® HPX-87H lon

Column Exclusion column(7.8 X 300 mm)
Guard column Cation H* Micro-Guard cartridge
Column temperature 65°C

Mobile phase 0.01 N sulfuric acid

Flow rate 0.8 ml/min

AUFS 0.005

Pump ‘Waters 510

Detecter Young-in, M 729 UV Detecter
Wavelength 230 nm

Injection volume 25 pl
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Table 2. HPLC conditions for the analysis of sugars in
cocoa beans

Waters, Carbohydrate column

Column (3.9 cm X 300 m)

Mobile phase acetonitrile : water (70 : 30 v/v)

Flow rate 2 mi/min

Pump WatersTM 600

Detector Waters 410 Differential Refractometer

Injection volume 25 pl

G Aol yist

3 A8 50g0 =AE FFS 30mLE MR
¥ whdsled 4°C, 8,000rpmollM 5% €A Eejs)
g} o] AAAGE 1mL & 045um membrane
filter®. J3}3}e] HPLCE A|BZ AMslgu}2, BAY
FEFoZ  Sigmarte| glucose, fructose, maltose,
sucroseS 0.1%2 248k AME-3}sich. HPLCY 24
272 Table 29} 23k}

= g -y

pHet YA HE}

Roasting 252} roasting?r]7}o] @2 cocoa bean®]
pHE 4.8~499 HAE Jepiglen 25 f237}
991}, Roasting® cocoa bean® pHE S5.008 %
roasting A7+ 30822 TS 9 110°C2] pH
= 486, 120°C8] pH: 4.86, 130°C2} pHE 4.89,
140°C8] pHE 488, 150°C% pHE 4.920]%
Roasting €55 130°CE2 2A81E o 5¥7} roasting
8 A|8E pH 491, 1087 roastingdt A&+ pH
496, 20%-7F roastingdt A& pH 4.80, 30&7
roasting®t A& pH 4.90%c}. & roastingd ] pHe}
roasting 2} pHE= 2F7ke] Wbyl AR frelHal 2}
o]= glsich. HAALE (equiv. NaOH kg')= roasting
0.114£0.003(equiv. NaOH kg"), roasting A1ZHS 308
22 TAAHE © 110°CAM 0.094£0.002, 120°Ce]|
Al 0.107£0.002, 130°CellA] 0.121+0.003, 140°CelA
0.118+0.003, 150°CelA 0.13940.001°)%1 32 roasting
255 130°CE TAHAAE W roastig A7kl 5E<I
A&E 0.109£0.004, 108<] AlBE= 0.13+£0.001, 208
Q) A& 0.134£0.005, 30¥<] A&+ 0.1211£0.003
o]¢lc}. Roasting =59} roasting A1Ztell whE ZAJA
=9 ¥izh= 78 9= AR el ow roasting
ZF(conventional method)2] 7% pH 4.88, HAHALT
0.12+£0.00222X 140°C 30487} roasting®t 3} B]&
& 428 vehigde

Holm"®-2 Malaysia’t cocoa bean®] pHE &A%
A3} pH 4.87-5.1022 B sy o ol EAYPIY
w3 HH2 debged HAAEE 017020
equivNaOH kg'2 EAYES ¥4 veidn.

f71kte| eist

Oxalic acid, citric acid, malic acid, succinic acid,
lactic acid, acetic acidE® 4122 vlo]aZ geln
roasting % 714k Wi3}E At H Sk} Fig SellA
HXo] raw bean®t} e F {74t o] F1%
£ 4 4 Ut 2 F succinic acid®] A¥ M &
Zog FyElon latic acide A9 W3l gl
malic acid, citric acid, acetic acide B5F 2% 713}
A} Roasting 2E¢] W& f7]Ake] W= 25 &
2] 0] 51 ch(p<0.01). Roasting A7} F714ke) )
ol9} & T2 roasting SEEF 130°CE A8l
o oxalic acid®} succinic acids A3t 7+ 10%
roastingg AIAIgH A|BFCAM o] 2 Fvis)
AT 2 gk W A9 dH(Fg 6). HEFE
(conventional roasting)# ¥] X3l B of wlo]24]o]
H 2 roastingdt 130°C, 30% A|&272] 7¢ AuHL
2 izl B3 f7IAH] el wokeh(Fig. 7).
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EF m| g E o3 WAEE lacae® A W] LA
fr71Ake] cocoa bean Hell ZgE o] Ittt ule}A
B AgeA HEo| side] 28t vty §7]Ak
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g A 714K acetate= M)A} Ao H
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yeh, olo]Z2 ¢ o) B roastinge pHE ZAAAE
71AHE AEAFIEd EHe|A| X3 Fol vE
system? Halisof & YRS ehli:= FH2 ¥l
o} o]RAL mlo] AR 40| B roasting®] 73F roasting &
To| =gshe Alzte] YubAQl roastingsl] WlE #HS
g Azkdez £Ro Sud @A f7)Ab AR
Fdo] o] Foix|7]e] FH81A] U3, wlo| 2B e]
B gzl 8L o]45ng fUA i &
A £S5 Fodo] o wE] o]FoixER fr|AMEe] W
o] ol Ay A2 Mot} =i} mlo|mZRdeln &
A% BAFEAY 25Ut derme fr)AkEe] | #
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Fig. 1. Changes in color (Hunter L, a and b) of cocoa
beans during microwave roasting for 30 min at different
temperatures.

Al Aol M= roasting®] =9} Alzhel wie} W)
o=}, Lilightness)?] A% 110°C o] F2 Az} 7hA3ig]
I A7 oAt =

a(redness)®] L L7t AEUSSF A Al ¥
8 Az} Z7)El= A3E BT b(yellowness)®] Ft
HA] F7kRt 120°C o] &XEellM sl 150°C
AlME 845+£0.28 eIt

o] ZF(conventional roasting)®] L3-S 39.20+ 0512
ulo}=L2 gjo] B roasting 120°C] A&} FAFIHL a
e 11.32+0.1922 vjo]=2Z ¢Jo]H roasting 130°C
s} 140°Ce] F%E BEen, vikd 917101022
nlo)z2 g o)X, roasting 140°CellXe] b3kt FrAlsIsic).

Roasting &%& 130°CE YA3A & F roasting
timeS SE, 108, 208, 30822 3l 2zt AjzhY L,
a, b3 ¥IZ3IHE W L4 roasting AFEE Ao
£ BgOv} roastingA|Zhel] &8 I3 WA o= AL
2 el ok A9 wglsiA] dstAIRE btkel A
$ Z7)sle gl FEsHG(Fig. 2).

Roasting 257} ¥ob85% cocoa bean®] 4-& A
2} AFAAT A A Le] AAE AL ¢
4= 9Jsich. 28| T roasting A|7te] Ho|ApE Al
do] AejAE= AL & F UL

EHHzo| Hst
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Fig. 2. Changes in color (Hunter L,a and b) of cocoa
beans during microwave roasting at 130°C for different
times.
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Fig. 3. Changes in browning of cocoa beans during
microwave roasting at different temperatures for 30 min.

2 cocoa bean?] ZWE WH3E zAEIA). o] ¥
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Fig. 4. Changes in browing of cocoa beans during
microwave roasting at 130°C for different times.

4dhe 4% 23T} Roasting £EF 130°C 2 ¢
A & F AZRE 2esley =S SAS A
(Fig. 4, Aol AojALF F4=r} AAE A=
vepstc}. dEF(conventional roasting)®} mlo] =2 4]
B roasting?3} ¥ X3S o 120°C 15%-7} roasting
3 d=27e ZMEE 0.643+£0.001E over roasting
(190°C,. 30 min)&+ A& el 0.638+£0.0013 413}
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5 & F UM ol Reyes 70| AFUA A
Zo] A& #e] &7} A ool UAE Ao
Bold uwle]zz o] g o] 4% roasting?] 7
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Maillard reactionel] 23t o] 714 el AYHN.

o Z=Mo| tHE}

Roastings] ]38t FAAIES] W3t F o] W=
Maillard reaction ¥ caramelization 52 3¢} 713
A4 g #AE e B S5l det whgsle &
2ot o2d o|gFucke W), eRtgros set
o], aldosedrt} ketose?} HFEET7) Yubx oz wl
249, Fig. 8oj4] BX-¢] maltose, sucrose®] 73-%- =}
o] 2 4]o) B roastinge] Z13Fell wel A3zl it
w3le] £ 2RI} Cocoa beand] AR F 71 1
7¥&}A roasting =& el AL fructosed o}
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Fig. 5. Changes in organic acid contents of cocoa beans
during microwave roasting for 30 min at different
temperatures.
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Fig. 6. Changes in organic acid contents of cocoa beans
during microwave roasting for 130°C at different
temperatures.
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Fig. 7. Comparison of organic acid content of cocoa
beans roasting by different methods.

Conventional roasting: 120°C 15 min

Microwave roasting: 130°C 30 min

739-(130°C) roasting A|Zke] F7Hgel] aiet Fhishe
738k2. HolA| 9k} Reineccius 519 cocoa bean
o] roastinggell @elA fructoses} glucose?} ZHAFA]
Tk ol 2318 Fkske A2 vebt maillard
reactions FF7l o|FFEG ¥ ARFHE AL A
Bl B AP M over roastingdt A2 S A
38 o8 FENAME fructoses} glucose?} A3
o7 sucrosel #¢] W2eHA] o} Reineccius 599
A9} FdR ALz vebdet. =3 microwave
roastingA| (130°C,  30#)3% & (conventional
roasting)®] @ FAE roastingde] 7359} w]wZF Aol
Fig. 9¢ld] mlo]z2g)e] Y roasting AlBo] gl
H]# glucose® A 2|3t fructose, maltose, sucrose TF
o] ¥ @o] AEslg} &F vlo| A2 ¢ o] B roasting®]
a2 ujs) ukgo] ¥ AFHUSE ¢ & UA
o} ol A9 B Ee] Adelx: YA

B A oA Feo] FPHEE roasting® =2}
o4l ARAA 7L QEE AT 4 UAF(p<0.01).

o])8t roasting F 3] W3}E 7HAT roasting®]
AEZ Bslat A€ Aol DR. valuee|sh. DR
valuel o3} Zo] Ao,
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Fig. 8. Changes in sugar content of cocoa beans during
microwave roasting for 30 min at different temperatures.
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Fig. 9. Comparison of sugar content of cocoa beans
roasted by different methods.

1-raw cocoa bean

2-microwave roasting (130°C, 30 min)

3-conventional roasting (120°C, 15 min)

ER.S.-—Final content of reducing sugar in the
roasted cocoa beans
LR.S.-—-Initial content of reducing sugar in the raw

cocoa beans
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Fig. 10. Changes in sugar content of cocoa beans during
microwave roasting at 130°C for different times.

DR valuex roasting®} A=} AA4F 22 gk
Z¥=t}. DR. valued| 9J3] vlo]=22 40| X roasting
718t A= Table 49 2}

ulolzZgo] B2 110°ColA 3087 roastingdt A&

L 10545, 120°ColA 3087t roastingdt AlBFS
100.78, 130°CollA 3087} roastingdt A8 87.92,
140°Col Al 3087} roastingdt A&7 88.67, 150°Cell

A 3087} roastingdt A&7 81.69%c}. Roasting 2

=7} Z713el wtel DR. valuer} ZHAsle A 2

4 9l3lt}. Roasting &5 A3 (130°C) =131

< W roasting A7t @& DR. value H3E X 5

B} roastingS AlAIEF F& 12877, 1083 AR +

2 11443, 2087+ AA 3 A8 1373, 3083 A
AgE A 2T 87922 HA] roasting Al7Fe] SAAIZE
o)A} Zo]A4E DR. valuer} Zadh=d 208 AlA]

g FollAe] F7he SRR EeEe] dRE A
olgl Azz Z2g} o] DR valued] A$ HR2F

& 958302 wle|A R g o] H roasting 130°C 30% Al

B7ET 2 ke 2} o] glucose FFIAM 2}
017} \}7] wjFe]e o] DR. valueRt2E. roasting A
=5 AL S ok HusbE cocoa beand T

A= 32 Bdute] ohry] wiFo]t} Roasting &

= AAAQ s o FAS Teistd g
of gl AzbEicy.
#e AAEE T £ W cocoa bean

o
=
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=

Table 3. Comparisons of pH and titratable acidity(TA) of
cocoa beans roasted by microwaves or conventional
heating with those of raw cocoa beans

Roasting Titratable acidity

Method Condition (equiv. NaOH kg™)
Raw 496 0.114£0003
110°C/30min 486 009410002
12°C/30min 486  0.107+0.002
130°CA0min 490  0.121+0.003
Micowave  140°C/0min 488  0.118:+0.003
roasting _ 150°C/30min__ 492 0.139+0.001
130°C/5 min 491 0.109+0.004
130°C/10min 492  0.121£0011
130°C/20min 489  0.134£0.005
Conventional 50 15 min 488 0.120 £ 0.002

roasting

Table 4. DR value of cocoa bean during microwave
roasting

Roasting — D.R value
Methods Conditions
110°C/30 min 105.45
120°C/30 min 100.78
130°C/30 min 87.92
Microwave 140°C/30 min 88.67
roasting 150°C/30 min 81.69
130°C/5 min 128.77
/10 min 114.43
/20 min 137.3
Comventional 150 15 i 95.83
roasting

roasting® ZAA AAgR= Hol=g WHredba)
olo| g2 go| v 7lHe] gH7} gleme B TN
AANYD roastingEA B} o ¥ 259} 71 A|7}e]
gosie}, =8t ulo]gEg ey @E gy o o
A& ¥l roasting AA|BR= o] roasting A&
< 59 & U Az AzEn.

2 <%

ool 22 ¢o| HE ]88 cocoa beand] roastingS
83l pH, AAALE, A Wiz}, ZHE, {74k
Wiz} gxAe] WE ZASI¢T. pHE roasting
9} A|7be]| - W3t A9 AT AFAE HA|
roasting 3] @& Aol UKt roasting =9}
A|Zbol| a2 Aol A ¢idich Mo Wi, W=,
F2AL roasting L= Akl wel W 3sig ot
273 v@slg e o W] Feo] AT o)2F
E] Maillard reaction®] WEZ<] s 2 dord AR
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